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Abstract
Study Design: Prospective cohort study.
Objectives: To evaluate the role of magnetic resonance imaging (MRI) in evaluation of fusion status following anterior lumbar
interbody fusion (ALIF) and compare agreement and confidence in assessing fusion or its absence on MRI to the current standard
computed tomography (CT).
Methods: A prospective follow up of patients undergoing surgery by 2 spine surgeons between 2012 and 2015 at a single
institution. Fusion was assessed at different time points in these patients by 2 independent musculoskeletal radiologists. Fusion
was analyzed in coronal and sagittal planes using both imaging modalities, with confidence being attributed on a scale of 0 to 3.
Assessors were blinded to patient data.
Results: Fourteen patients (25 levels) with mean follow-up of 10.2 months (range 2.4-20.3 years) and age of 41 years
(range 20.7-61.5 years) were assessed. MRI within the interbody cage in coronal (k ¼ .58) and sagittal (k ¼ .50) planes had the
highest interobserver agreement. CT anterior to the cage in coronal (k ¼ .48) and sagittal (k ¼ .44) planes, as well as within the
cage in coronal (k ¼ .50) and sagittal planes (k ¼ .44) showed moderate agreement. Confidence anterior to the interbody cage
using MRI scan was reduced when compared with remaining angles and imaging modalities.
Conclusions: The study demonstrates that MRI may be a useful tool in the assessment of fusion following ALIF with results com-
parable to CT, and that it may have a useful role in select patients especially considering marked radiation exposure reduction.
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Introduction
Spinal fusion was first described in the early 21st century by
Albee1 and since then several approaches have been underta-
ken for the purpose of performing fusion. The anterior
approach to lumbar interbody fusion (ALIF) was first described
in 1932 by Capener2,3 and is associated with reduced operative
times and shorter hospital stays compared with alternative
approaches to lumbar interbody fusion.2,4,5 The chief advan-
tage of ALIF is excellent exposure of the lower lumbar disc
spaces, which permits thorough discectomy and placement of
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large, wedge-shaped, lordotic devices6 with other advantages,
including restoration of disc height, reduced bleeding and
reduced damage to the posterior musculoligamentous struc-
tures as well as indirect restoration of foraminal height.6
The aim of spinal fusion in the setting of degenerative disc
disease is to obtain a stable arthrodesis between 2 or more
adjacent vertebrae for the purpose of eliminating painful move-
ments or recurrent prolapse from pathological discs. More
broadly, fusion procedures have been used in the management
of spinal tumors, infection, fracture, and deformity in addition
to degenerative disc disease.7 Historically, the only means of
being able to assess for spinal fusion involved surgical inter-
vention with direct visual inspection.8,9 While open assessment
of spinal fusion still remains a useful tool in experimental
models, its everyday clinical use is now only appropriate dur-
ing revision surgery. Noninvasive methods of assessing fusion
include computed tomography (CT) scan, magnetic resonance
imaging (MRI) scan as well as plain radiographic assessment.
The current gold standard for assessment of lumbar interbody
fusion is CT scan. Although displaying a higher ability to
detect fusion in comparison with plain radiographs and the
advantage of circumferential assessment,7,10,11 its use comes
with exposure to ionizing radiation. There has been an increas-
ing body of evidence that has linked the use of CT scans to an
elevated risk of development of neoplasia in later life.12 This
increased risk of malignancy has been stated to be as high as 1
in 3300 per CT scan of the lumbar spine.7,13
In contrast to CT scan, MRI scan is not associated with the
increased risk of neoplasia and subsequent to this is increas-
ingly being seen as a potential alternative for the assessment of
fusion in spinal surgery. MRI scan also has the advantages of
being able to better assess the neural elements, posterior ele-
ments and adjacent segments.7,14,15 The theoretical disadvan-
tages also need to be considered and include cost, access and
the potential for movement, heating or dysfunction of retained
metallic implants and fragments. Although routinely used pre-
operatively prior to surgery, the utility of MRI at assessing
fusion is as yet to be determined. In order to address this ques-
tion, we aimed to compare the agreement and confidence
between independent assessors in determining fusion using
both MRI and CT postoperatively following ALIF. Although
the role of MRI in evaluating lumbar fusion has been studied
previously,14 to the authors knowledge this is the first study
evaluating MRI for fusion in ALIF and also the first study to
compare MRI and CT.
Methods
Cohort Sample
This is a prospective cohort study of consecutive series of
patients who underwent ALIF for degenerative disc disease by
2 senior consultant spine surgeons between 2012 and 2015 at 2
hospitals. The cohort consisted of 14 patients—7 male and 7
female—with a mean age at time of surgery of 41 years (range
20.7-61.5 years). ALIF surgery was performed using a standard
left retroperitoneal approach using carbon fiber cages (Anterior
COUGAR cage, Depuy-Synthes, West Chester, PA, USA) and
iliac crest bone graft. Anterior plate stabilization (Aegis Plate,
Depuy-Synthes, West Chester, PA, USA) composed of titanium
alloy was used to supplement the fixation.
Local ethics approval (St Andrews Hospital, Project 56) was
obtained prior to patient enrolment in the study and all parti-
cipants signed written consent to participate. All patients
underwent CT scan (GE Healthcare Optima, 64 slices per rota-
tion, minimum slice acquisition thickness of 0.625 mm) and
MRI scan (Siemens Magnetom Aera 1.5 Tesla, 48 Channel
System, XQ Gradients) assessment concurrently at postopera-
tive review organized by the treating surgeons. Two indepen-
dent consultant musculoskeletal radiologists assessed all scans
on diagnostic quality monitor. All images were reviewed for
fusion in relation to the interbody cages, with fusion anterior to,
posterior, lateral, and within the interbody cages in both the
coronal and sagittal planes assessed.
Criteria to Assess Fusion
The criteria for the determination of the degree of fusion on CT
scan imaging followed the Brantigan-Steffee-Fraser (BSF) clas-
sification system specific for fusion in the setting of ALIF,16 in
which bone bridges at least half of the fusion area with at least
the density originally achieved at surgery. MRI scan criteria for
fusion was also based on the same BSF classification.
Fusion was analyzed by 2 independent musculoskeletal
radiologists in coronal and sagittal planes using both CT and
MRI scans, with a level of confidence being attributed and
graded on a scale of 0 to 3. Both specialists were blinded to
patient identity of the data and were also blinded to each other’s
assessment result for each patients’ imaging.
Confidence in the degree of the assessment was applied by
each assessor using a 0 to 3 grading system where 0 was none, 1
minimal, 2 moderate, and 3 complete.
Patients were scheduled for follow-up 3 to 12 months fol-
lowing surgery with imaging then arranged. This time course
was chosen as at this point the imaging is likely to demonstrate
progression toward union or locked pseudoarthrosis rather than
having complete fusion across the intervertebral segment.
Indeed, other studies assessing imaging following posterior
lumbar interbody fusion (PLIF) have suggested that although
fusion can be evaluated using MRI scan and CT scan by the
12-month mark, further progress toward complete union can
take up to 24 months or longer.14 The aim of our study was not
to determine whether or not fusion had taken place, but whether
CT scan and MRI scan had comparable agreement in regard to
the level of fusion that had taken place at that time point in
order to determine the use of MRI scan as an alternative mod-
ality in postoperative follow-up following ALIF.
Statistical Analysis
A statistician modeled adjusted kappa statistics (Table 1) with
regard to intra- and interobserver agreement with the different
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techniques and angles assessed with confidence assessed using
a regression analysis. The interrater agreement and 95% con-
fidence intervals were computed using unweighted Fleiss’s
kappa statistics for all patients. Fleiss’s kappa coefficient is
related to Cohen’s kappa, but is able to compare inter- and
intrarater reliability across more than 2 observers.17 A Fleiss’s
k coefficient less than 0 represents “poor agreement,”
k between .01 and .20 represents “light agreement,” k between
.21 and .40 represents “fair agreement,” k between .41 and
.60 represents “moderate agreement,” k between .61 and .80
represents “substantial agreement,” and k between .81 and 1.00
represents “almost perfect agreement”18 (Table 1). All statis-
tics were calculated using Stata (StataCorp 2015, Stata Statis-
tical Software: Release 14, College Station, TX, USA) with a
P value of <.05 taken as statistically significant.
Results
There were 4 single-level ALIF and 10 multilevel ALIF sur-
geries with L4/5—(12), L5/S1—(11), and L3/4—(2) levels of
ALIF. Patients were reviewed at a mean time post operatively
of 10.2 months (range 2.4-20.3 months) with CT and MRI
scans being performed at the same sitting. Overall, 25 levels
of fusion were assessed with some levels having combined
imaging on more than one occasion, giving a total of 38 levels
reviewed. The combined total fusion rate within the interbody
cage was 17.8%, with this being 28.0% on CT scan and 10.0%
on MRI. The partial fusion rate was 72.2% overall, 70.1% on
CT and 86.5% on MRI. The rate at which no union was iden-
tified within the interbody cage was 2.8% overall, 2.0% on CT
with 3.6% on MRI.
On comparison of fusion status within the interbody cage in
coronal plane, when CT reported partial fusion (Figure 1) there
was a high correlation with MRI (mean 95%, range 88%-
100%) but when CT reported complete fusion (Figure 2) the
correlation with MRI was poor (mean 24%, range 0%-44%).
Comparison within the interbody cage in the coronal planes
again showed a high correlation with regard to partial fusion
(mean 74%, range 61%-91%), but with poor agreement with
regard to complete fusion (mean 25%, range 0%-71%).
Overall confidence in reporting fusion status across all
angles showed a statistically significant difference (P < .001)
with the radiologist feeling more confident in reporting within
cage fusion in CT and MRI in coronal and sagittal planes
(Table 2). They were less confident in reporting fusion on MRI
scan anterior to the interbody cage in both coronal and sagittal
planes (Table 2). A similar lack of confidence was also seen
when reporting anterior to the cage on CT. Overall mean con-
fidence attributed to MRI anterior to the interbody cage was
0.58 and 0.55 in sagittal and coronal planes, respectively. All
other angles had a mean confidence of >1.7, with the lowest
value being found in CT scan anterior to the interbody cage in
the coronal plane at 1.8 (Table 2).
Interobserver analysis showed no statistical significant dif-
ference across all angles (P ¼ .2). The highest level of agree-
ment was found on MRI scan on assessment of fusion within
the interbody cage in coronal (k ¼ .58) and sagittal planes
(k ¼ .50), showing moderate agreement (Table 3). Moderate
agreement was also found on CT scan both anterior to and
within the interbody cages in coronal and sagittal planes (Table
3). There was no difference found when directly assessing CT
versus MRI with regard to interobserver assessment (P ¼ .05).
Intraobserver analysis across all planes also failed to show
any statistically significant difference (P ¼ .35). However,
when comparing CT scan versus MRI scan on fusion status,
there was a statistically significant difference when all planes
were included (P¼ .002). As anterior to interbody fusion status
determination on MRI was difficult, when results anterior to
the interbody cage were removed there was no statistically
significant difference (P ¼ .26).
Discussion
Determination of fusion status is an important aspect of any
fusion procedure, although its relevance to clinical outcome is
contentious in asymptomatic patients. Several radiological
parameters are used, including static and dynamic radiographs,
CT scan, and MRI scan. Fine cut CT by far has the highest
confidence in reporting with almost 89% confidence7,11 and
hence was used as the gold standard. Lang et al19 found that
interpretation of sagittal and curved coronal multiplanar recon-
struction (MPR) was more reliable than any other imaging
method applied to the detection of spinal fusion. In a series
of 30 patients with posterior lumbar fusion, they were able to
identify pseudarthrosis in 4 patients using the above modality,
all of which were confirmed at surgery. This comes with an
added radiation exposure, which is quite significant.
MRI scan has rarely been used to assess lumbar fusion
except in a series by Kroner et al.14 They found successful
bony bridging in 49 cases using carbon fiber cages in PLIF.
But they did not compare this with CT or radiographic assess-
ment of fusion. Similar work in cervical spine has been per-
formed but not using appropriate sequences, with the coronal
plane not assessed or metallic artifact being reduced. Hence our
study was aimed at assessing fusion status on MRI and CT with
time point being early fusion rather than complete fusion. This
study as per the authors view is the first study to compare CT
and MRI in ALIF for fusion status.
Our results have demonstrated that when assessed across all
angles in relation to the interbody cages in both the sagittal and
coronal planes no statistically significant difference was found,
either in inter- or intraobserver agreement. However, when
grouping all angles assessed using CT scan and comparing
Table 1. Fleiss’s Kappa and Interater Reliability Agreement.
Kappa Agreement
.01-.20 Slight agreement
.21-.40 Fair agreement
.41-.60 Moderate agreement
.61-.80 Substantial agreement
.81-.99 Almost perfect agreement
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them with MRI scan, a statistical significance was noted with
regard to intraobserver assessment of fusion (P ¼ .002). In our
study the assessment of fusion anterior to the interbody cages
with CT scan, but most notably with MRI scan, was the most
challenging, with the lowest levels of confidence being attrib-
uted to radiological assessment in this region (Table 2). Previ-
ous work has suggested that the assessment of fusion in the
region anterior to the interbody cage is the least reliable indi-
cator of whether true fusion has taken place.20 Because of the
difficult nature of assessment anterior to the interbody cages,
exclusion of these results from the data set meant that the
statistical significance found in regard to the intraobserver
analysis of fusion between MRI scan and CT scan was no
longer observed (P ¼ .26). Although interobserver assessment
of CT versus MRI scan did not show statistical significance, the
P value of .05 could suggest that in a larger sample size may
well show statistical significance.
Further to this, we evaluated CT against MRI in determining
fusion within the interbody cage. When assessing in both cor-
onal and sagittal planes the P value was now .58, which addi-
tionally supports comparability of MRI and CT scan in
assessing fusion within the interbody cages. Our results further
Table 2. Evaluation of Fusion: Confidence by Angle.
Angle Confidence
CT anterior coronal 1.8
CT anterior sagittal 2.2
CT within coronal 2.7
CT within sagittal 2.7
CT posterior coronal 2.4
CT posterior sagittal 2.4
CT lateral coronal 2.3
CT lateral sagittal 2.3
MRI anterior coronal 0.6
MRI anterior sagittal 0.6
MRI within coronal 2.2
MRI within sagittal 2.3
MRI posterior coronal 2.1
MRI posterior sagittal 2.1
MRI lateral coronal 2
MRI lateral sagittal 2
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.
Table 3. Evaluation of Fusion: Kappa Values and Agreement by Angle.
Angle Kappa Agreement
CT anterior coronal .48 Moderate
CT anterior sagittal .44 Moderate
CT within coronal .50 Moderate
CT within sagittal .44 Moderate
CT posterior coronal .05 Slight
CT posterior sagittal .04 Slight
CT lateral coronal .02 Slight
CT lateral sagittal <.01 None
MRI anterior coronal <.01 None
MRI anterior sagittal <.01 None
MRI within coronal .58 Moderate
MRI within sagittal .50 Moderate
MRI posterior coronal <.01 None
MRI posterior sagittal <.01 None
MRI lateral coronal .02 Slight
MRI lateral sagittal .02 Slight
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.
Figure 1. Computed tomography (CT) and magnetic resonance imaging (MRI) scans in coronal plane demonstrating complete union. (A, C, E)
Coronal CT scans. (B, D, F) Coronal views of the same level and patient on MRI.
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support the difficulty in assessing fusion anterior to interbody
cages. By excluding data for the assessment anterior to the
interbody cage and by comparing the evaluation within the
interbody cages, our findings suggest that CT scan and MRI
scan are comparable in the determination of fusion following
ALIF surgery. We believe from these results that MRI assess-
ment of fusion in ALIF is best assessed in coronal plane within
the cage.
There were more complete fusions on CT than MRI, 28%
and 10%, respectively. This could be due to a partial voluming
artifact, with CT overcalling the fusion status. McAfee et al21
felt that at 6 months CT scan would not be able to differentiate
between avascular and live bone formation in the fusion mass.
Could MRI be more accurate? Further studies are required with
comparison at longer follow-up.
The goal of surgery in patients undergoing spinal arthrodesis
is the elimination of movement across the spinal segments with
the aim in reduction of patient symptoms. Failure to obtain
fusion does not necessarily obviate clinical success. Indeed,
attaining a good clinical outcome with reduction of axial back
pain and leg pain can be achieved without bridging trabecular
bone found between these intervertebral segments.22 As has
been previously noted by Fraser et al,22 good clinical outcomes
in the absence of matching radiologic fusion and conversely
poor clinical outcomes despite radiologic evidence of fusion
led to the concept of a “locked pseudoarthrosis,” in which
patients may not have a full fusion but the segments are behav-
ing as if fused.
One of the long-term sequelae of spinal arthrodesis is adja-
cent segment disease (ASD) in which there is degeneration of
the intervertebral disc directly above or below the fused seg-
ment.6,23 The relevant pathology can include foraminal and
spinal stenosis as well as disc herniation, which may be asso-
ciated with subsequent symptomatology. MRI is generally used
to further characterize pathology in the adjacent segments. The
incidence of ASD is at least 5 to 10 years from the index
surgery and selecting MRI as modality of choice for assessing
fusion along with ASD is not an indication as such.
Although our study only investigates patients who have
undergone ALIF, other approaches to lumbar fusion have been
previously described.6,24 Kro¨ner et al14 had previously investi-
gated the use of MRI scan in the assessment of fusion in
patients having undergone PLIF. In their study, they found that
MRI scan images in the coronal plane best demonstrated bony
fusion, which would be consistent with MRI scan results in our
own dataset. However, to our knowledge this is the first time
that MRI and CT scan have been directly compared in their
ability to assess fusion.
Although we do not advocate the routine use of CT scan or
indeed MRI scan in the postoperative assessment of all patients
who have undergone ALIF, imaging assessment of fusion is
important clinically and medicolegally in documenting the
Figure 2. Computed tomography (CT) and magnetic resonance imaging (MRI) scans of anterior lumbar interbody fusion showing incomplete
union. (A, B) CT and MRI scans in coronal plane, respectively. (C, D) CT and MRI scans in sagittal plane, respectively. (E, F) CT and MRI scans in
axial plane, respectively.
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progression of fusion. This is particularly relevant in those
individuals whom have ongoing symptoms that are potentially
attributable to failure of fusion. Previous work has suggested
that CT scans had an 89% correspondence for detecting fusion
when compared to intraoperative assessment.7,11 The ionizing
radiation exposure associated with such assessment however is
something that must be considered when further imaging is
requested. In comparison with CT imaging, assessment using
plain radiographic imaging is associated with significantly
reduced radiation exposure; however, this decreased radiation
burden is also associated with reduced concordance with regard
to intraoperative assessment of spinal fusion.10,22 The reliabil-
ity, sensitivity, specificity, and positive predictive value of
MRI in assessing fusion following lumbar fusion is currently
unknown and requires further investigation. Should MRI scan
show comparable results to CT scan in assessing fusion then in
that instance, it could be recommended for definitive assess-
ment of fusion. In particular, it may be considered in younger
patient groups who are likely to have an increased lifetime risk
of malignancy from subsequent further investigation using
modalities associated with radiation exposure.
Limitations
There are several limitations to the study. The sample size is
small and hence further studies with larger sample size are
required to validate the study results. Furthermore, the
follow-up periods of the included patients were variable, which
can also undermine the validity of the presented results. Rela-
tive CT and MRI concordance with regard to the time points of
fusion progression were not assessed in the present study.
Conclusions
Our data suggests that MRI could potentially be equivalent to
CT in assessment of fusion in anterior lumbar interbody
fusion. With regard to the reduced radiation burden, as well
as the ability to further assess the neural elements, MRI could
be considered as an alternative imaging modality in this
patient group where possible further intervention may be
required. Further studies on MRI in assessing lumbar fusion
are required prior to recommending it in the routine review of
lumbar fusion.
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